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(57) [Abstract] 

[Objective] To offer a Jiigli-corrosion-resistance surface 
treatment method capable of simultaneously performing a 
surface condition adjustment as a pretreatment of a surface 

10 of a modified member and formation of an 
electric-discharge-machined alloy layer which is highly 
corrosion resistant, so as to improve corrosion resistance 
and stress-corrosion-craclcing resistance by means of 
electric discharge machining using an electrode which is 

15 made of an element with good corrosion resistance, an alloy 
of such elements, or conductive ceramics. 
[Constitution] A surface of a target member 2 made of a 
Ni-based alloy, a Co-based alloy, or an Fe-based alloy, such 
as a carbon steel, a low-alloy steel, an austenitic stainless 

20 steel, or a ferritic stainless steel, is subjected to 
electric discharge machining in either an oil 3 or water 
3 usinig an electrode 1 containing at least one highly 
corrosion-resistant element, so as to rid the target member 
of its original surface and form an 

25 electric-di'scharge-machined alloy layer 7 having excellent 



1 



corrosion resistance on the surface. 
[Claims ] 

[Claim 1] A high-corrosion-resistance surface treatment 
method, wherein 

a surface of a structural body in a light water reactor 
of a member made of a Ni-based alloy, a Co-based alloy, or 
an Fe-based alloy, such as a carbon steel, a low-alloy steel, 
an austenitic stainless steel, or a ferritic stainless steel, 
or of a structural body constituted by the .member and 
irradiated with neutrons is subjected to electric discharge 
machining in either an oil or water using an electrode 
containing a highly corrosion-resistant element, so as to. 
rid the member of an original surface thereof and form an 
electric-discharge-machined alloy layer having excellent 
corrosion resistance on the surface. 

[Claim 2] The high-corrosion-resistance surface treatment 
method according to claim 1, wherein 

the structural body in the light water reactor is a 
welded part, a thermally affected part, or a neutron 
irradiated part, such as a neutron flux measuring housing, 
a shroud, a shroud support , an upper grid plate, and a reactor 
core support plate surface. 

[Claim 3] The high-corrosion-resistance surface treatment 
method according to any one of claims 1 and 2, wherein: 



the electrode containing a highly corrosion-resistant 
element is a metal or alloy having at least one component 
selected from the group consisting of chromium (Cr) , nickel 
(Ni), iron (Fe) , titanium (Ti) , niobium (Nb) , and tantalum 
5 (Ta) ; and 

the electric-discharge-machined alloy layer is an 
alloy layer containing at least one component selected from 
the group consisting of Cr^ Ni, Fe, Ti, Nb, and Ta. 
[Claim 4] The high-corrosion-resistance surface treatment 
10 method according to any one of claims 1 to 3, wherein 

the electric-discharge-machined alloy layer, formed 
on a surface of the target member, has a thickness of 5-500 
^im. 

[Claim 5] The high-corrosion-resistance surface treatment 

15 method according to claim 3, wherein 

if the member is an austenitic stainless steel, the 
electric-discharge-machined alloy layer, formed on the 
surface of the member, contains : Cr and Ni at concentrations 
by weight 0 . 85-1 . 3 times those in base materials; compounds 

20 in which carbon, oxygen, and nitrogen atoms in a treatment 
liquid are secured by Ti, Nb/ or Ta; and a 2 % or less solid 
solution of Ti, Nb, or Ta, and. has a thickness of 5-500 |am. 
[Claim 6] The high-corrosion-resistance surface treatment 
method according to claim 3, wherein 

25 if the member is a f erritic stainless steel containing 
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12-18 % by weight Cr and 2 % or less by weight Ni, the 
elect ric-discharge-machined alloy layer, formed on the 
surface of the meinber, contains: Cr at a concentration by 
weight 0 . 83-1 . 3 times that in a base material, or in addition 
5 to that Cr, Ni at a concentration of 8 % or more; compounds 
in which carbon, oxygen, and nitrogen atoms in a treatment 
liquid are secured by Ti, Nb, or Ta; and a 2 % or less solid 
solution of Ti, Nb, or Ta, has a thickness of 5-500 jim, and 
is in ferrite phase or Ni-containing yphase. 

10 [Claim 7] The high-corrosion-resistance surface treatment 
method according to claim 3, wherein 

if the. member is a Ni-based alloy containing a 15-23 % 
by weight Cr, a 2.5-37 % by weight Fe, and a 16 % or less 
by weight Mo, the electric-discharge-machined alloy layer, 

15 formed on the surface of the member, contains: Cr and Ni 
at concentrations by weight 0.83-1.5 times those in base 
materials; compounds in which carbon, oxygen, and nitrogen 
atoms in a treatment liquid are secured to Ti, Nb, or Ta; 
and a 2 % or less solid solution of Ti, Nb, or Ta, has a 

20 thickness of 5-500 jiim, and is in pure y phase or in mixed 
phase of y and y' . 

[Claim 8] The high-corrosion-resistance surface treatment 
method according to claim 3, wherein 

if the member is a carbon steel or a low-alloy steel, 
25 the electric-discharge-machined alloy layer, formed on the 
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surf ace of the member , contains: either Cr at a concentration 
by weight of 9-12 % or Cr and Ni at concentrations by weight 
of 17-19 % and 13 % or less respectively; compounds in which 
carbon, oxygen, and nitrogen atoms in a treatment liquid 
5 are secured by Ti, Nb, or Ta; and a 2 % or less solid solution 

of Ti, Nb, or Ta, and has a thickness of 5-500 |im. 
[Claim 9] A high-corrosion-resistance surface treatment 
method, wherein 

a surface of a structural body in a light water reactor 

10 of a member made of a Ni-based alloy, a Co-based alloy, or 
an Fe-based alloy, such as a carbon steel, a low-alloy steel, 
anaustenitic stainless steel, or a f erritic stainless steel, 
or a surface of a structural body constituted by the member 
and irradiated with neutrons is subjected to electric 

15 discharge machining in either an oil or water using a 
conductive ceramics electrode, so as to simultaneously rid 
the member of an original surface thereof and form on the 
surface an electric-discharge-machined alloy ' layer 
composed of a layer in which ceramics grains are dispersed 

20 or an amorphous layer or a fine crystalline layer made of 
an element constituting the member and an element 
constituting the electrode. 

[Claim 10] The high-corrosion-resistance surface treatment 
method according to claim 9, wherein 
25 the member is a welded part, a thermally affected part , 
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or a neutron irradiated part , such as a neutron flux measuring 
housing, a shroud, a shroud support, an upper grid plate, 
and a reactor core support 'plate surface, which are 
structural bodies in the light water reactor. 
5 [Claim 11] The high-corrosion-resistance surface treatment 
method according to any one of claims 9 and 10, wherein 
the conductive ceramics electrode is either silicon 
carbide (SiC) or a sialon containing titanium borate (TiB2) 
and titanium nitride (TiN) . 

10 [Claim 12] The high-corrosion-resistance surface treatment 
method according to any one of claims 1 to 11, wherein 

after the electric-discharge-machined alloy layer is 
formed by electric discharge machining, energy in the form 
of, for example, a laser beam, an electron beam, or a TIG 

15 arc is projected to melt again the 

electric-discharge-machined alloy layer and a part of a 
processed metal, that is, a target member which are then 
rapidly cooled and solidified to form a twice-melted surface 
alloy layer. 

20 

[0010] 

[Effects] In this invention, an electrode and a target metal 
which is a starting material are subjected to electric 
discharge machining to form an electric-discharge-machined 
25 alloy layer on the surface of the target metal . The surface 
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alloy formation process proceeds as the electrode and the 
surface of the target metal which are melted and vaporized 
by weak electric discharge between the electrode and the 
target- metal , aswellasa treatment liquid which is vaporized, 
5 fuse to the surface of the target metal and thus form alloy 
when they solidify. Alloy is formed on the surface by 
repeated electric discharge; however, single electric 
discharge covers only a small area on the surface, and the 
heat input for the electric discharge machining is small. 
10 In addition, non-target regions are little affected. The 
electric discharge machining is therefore an excellent 
method to treat a material surface. 

[0011] In the invention, combinations of the electrode and 
the target metal are important . Electrodes made of a highly 

15 corrosion-resistant element form an 

electric-discharge-machined alloy layer having high 
corrosion resistance on the surface of the target metal. 
Electrodes made of conductive ceramics form, on the target 
metal surface, an electric-discharge-machined alloy layer 

20 composed of a layer in which ceramics grains are dispersed 
or an amorphous layer or a fine crystalline layer made of 
an element constituting that metal and an element 
constituting the electrode. The 

electric-discharge-machined alloy layer preferably has a 

25 thickness of 5-20 |im. 
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[0012] The electric-discharge-machined alloy layer thus 
formed is irradiated with energy in the form of, for example , 
a laser beam, an electron beam, or a TIG arc to melt again 
the electric-discharge-machined alloy layer and a part of 
5 the processed target metal which are then rapidly cooled 
and solidified to form a twice-melted surface alloy layer; 
therefore, the material does not greatly change its 
properties near the surface where the processing takes place, 
but now exhibits improved corrosion resistance and 

10 stf ess-corrosion-cracking resistance . 

[0013] By the invention, those surfaces of welded parts, 
including thermally affected parts andmelted and solidified 
parts,- of a welded structural body in a light water reactor 
made of a member and alloy members of a Ni-based alloy, a 

15 Co-based alloy, or an Fe-based alloy , such as a carbon steel , 
a low-alloy steel, a ferritic stainless steel, or an 
austenitic stainless steel, or a surface of an internal 
structural body, of the reactor, which is at le'ast partly 
irradiated with neutrons are subjected to electric discharge 

20 machining in a treatment liquid which is either an oil or 
water using an electrode made solely or chiefly of at least 
one highly corrosion-resistant element selected from the 
group consisting of chromium (Cr) , nickel (Ni) , titanium 
(Ti), niobium (Nb) , and tantalum (Ta) , so as to 

25 simultaneously remove original surfaces and form an 
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electric-discharge-machined alloy layer having high 
corrosion resistance and ultimately to improve the corrosion 
resistance and the stress-corrosion-cracking resistance of 
these parts . 

5 [0014] Now, referring to Fig . 1, the following will describe 
principles in reforming the surface of a member according 
to the invention. Fig. 1 schematically shows electric 
discharge machining according to the 

high-corrosion-resistance surface treatment method of the 

10 • invention. A target metal 2 which is a target material and 
an electrode 1 are placed in a process bath 4 containing 
a treatment liquid 3 which is either an oil or water. The 
target metal2isa member made of a Ni-based alloy, a Co -based 
alloy, or a Fe-based alloy , such as a carbon steel , alow-alloy 

15 steel, an austenitic stainless steel, or a ferritic stainless 
steel, and is welded or affected by welding heat. The 
electrode 1 is made of one or more constituent elements of 
Cr, Ni, Fe, Ti, Nb, and Ta, or made of an alloy containing 
these elements . Apulse current flows through the electrode 

20 1 to cause electric discharge (identified as 5 in Fig. 1) 
which melts and vaporizes a part of the electrode 1 and a 
surface part of the target metal 2 and thereby removes an 
original surface. Meanwhile, the treatment liquid 3 
evaporates and melted alloy particles 6 are cooled and 

25 solidified on the surface of the target metal 2 to form an 
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electric-discharge-machined alloy layer . 7. The 
electric-discharge-machined alloy layer 7 contains a highly 
corrosion- resistant alloy element and a uniform layer formed 
by rapid cooling and solidification; the surface oxide film 
5 is extremely stable which successfully improves corrosion 
resistance or stress-corrosion-cracking resistance. 
[0015] Examples of target metal materials to which the 
invention is applicable include: general carbon steels, 
low-alloy steels, or austenitic stainless steels containing 

10 12-20% by weight Cr and 8-30 %by weight Ni ; ferritic stainless 
steels containing 12-18 % by weight Cr and 2 % or less by 
weight Ni; and Ni-based alloys containing 15-23 % by weight 
Cr, 2.5-37 % by weight Fe, and 0-16 % by weight Mo. 
[0016] Preferred electrode materials in the forming of a 

15 highly corrosion-resistant electric-discharge-machined 
alloy layer 7 include highly corrosion-resistant stainless 
steels, Ni which is a Ni-ba'sed alloy component, Cr, andalloys 
containing these components. Especially, Ni and Cr 
elements and alloys containing these elements are suitable 

20 to form high Ni and Cr concentration on a surface of a carbon 
steel or a low-alloy steel in imparting high corrosion 
resistance to the surface and also in forming a Ni-containing, 
highly corrosion-resistant ferritic stainless steel. 
[0017] The significance in using Ti, Nb, or Ta as an elect rode 

25 material or an alloy electrode constituent lies in that these 
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compounds prevent carbon and nitrogen in the oil (treatment 
liquid) and oxygen in the water (treatment liquid) from 
rapidly cooling and solidifying as elementary substances, 
blending into the electric-discharge-machined alloy layer, 
5 and thus degrading materials, and fix the carbon, nitrogen, 
and oxygen to the electric-discharge-machined alloy layer 

in the form of Ti, Nb, or Ta compounds. To securely fixing 
the carbon, oxygen, or nitrogen, it is preferable if an 

electric-discharge-machined alloy layer 7 containing Ti, 
10 Nb, or Ta at a concentration of up to about 2 % is provided 
on the surface of any member made of aNi-basedalloy, Co-based 
alloy, or an.Fe-based alloy, such as a carbon steel, a 
low-alloy steel, and a stainless steel. 

[0018] The reformed surface of . the target metal having 
15 improved corrosion resistance and 

stress-corrosion-cracking resistance, which can be 
attained by the invention, is an 

electric-discharge-machined alloy layer 7 formed by 
electric discharge machining and is an alloy structure 
20 containing the composition of the treatment liquid and the 
composition of any one or more alloys of Cr, Ni, Ti, Nb, and 
Ta which are used as the- electrode . The thickness of the 
electric-discharge-machined alloy layer 7 depends on 
electric discharge machining current; however, to form an 
25 even surface and avoid giving too much adverse thermal 



effects to the surface of the base material (target metal 
2) around the processed area, the thickness is preferably 
within a range of 5-500 |am whenever the alloy layer 7 is 
made of a carbon steel, a low-alloy steel, a stainless steel, 
5 or a Ni-based alloy. 

[0019] To improve corrosion resistance arid 
stress-corrosion-cracking resistance as a result of the 
surface reformation, the electric-discharge-machined alloy 
layer 7, after electric discharge machining and subsequent 
10 rapid cooling and solidification, contains Cr and Ni at 
concentrations more or less equal to that in the base material 
(target metal 2) . In addition, to retain the bonding with 
the composition of the base material, it is preferable to 
avoid excessively raising those concentrations, 

15 Especially, an increased Cr concentration causes 6 phase 
to develop and reduces elasticity; an upper limit is 
necessary to prevent these from happening. Accordingly, 
the electric-discharge-machined alloy layer 7 contains, in 
the cases of austenrtic stainless steels, Cr and Ni at 

20 concentrations 0,85-1.3 times or preferably 1.1-1.3 times 
the corresponding concentrations in the base material and, 
in the cases of ferritic stainless steels, Cr at a 
concentration 0.83-1.5 times or preferably 1.0-1.3 times 
that in the base material and about 8 % or more Ni so that 

25 the amount of the Ni is a SUS 304 component. In the cases 



of Ni-based alloyS/ it will be sufficient if Cr is contained 
at a concentration 0 . 83-1 • 5 times or preferably 1.1-1.5 times 
that in the base material. In the cases of carbon steels 
and low-alloy steels, the electric-discharge-machined 
5 alloy layer? preferably contains either 17-19 % by weight 
Cr and 13 % or less by weight Ni or 9-12 % by weight Cr so 
that the electric-discharge-machined alloy layer 7 which 
is the surface layer can have a SUS 304 or 316 austenitic 
stainless steel composition. 

10 [0020] Furthermore, the electric-discharge-machined alloy 
lay.er 7 made of an element /elements , such as Cr, Ni, Fe, 
Ti, Nb, and Ta, can develop an amorphous layer which exhibits 
extremely good corrosion resistance. Even when the alloy 
layer 7 is fine crystalline, the alloy layer 7 is semi-stable 

15 and uniform as a result of the rapid cooling and 
solidification and boasts good corrosion resistance. 
[0021] In the description so far; it was presumed that the 
electrode used is made of one or more constituent elements 
of Cr, Ni, Fe, Ti, Nb, and Ta, or made of an alloy containing 

20 these elements. .Alternatively, the electrode may be made 
of titanium borate (TiB2) , sialon containing titanium 
nitride (TiN) , or conductive ceramics, such as silicon 
carbide (SiC) . Using this conductive ceramics electrode, 
electric discharge machining is carried out in a treatment 

25 liquid which is either an oil or water so as to rid the target 
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metal which is a processed material of its original surface 
and simultaneously form on the surface of the target metal 
a layer in which ceramics grains are dispersed or an amorphous 
layer or a fine crystalline layermade of an element/elements 
5 constituting that metal and an element/elements 
constituting the electrode. The surface treatment by way 
of electric discharge machining is a treatment whereby 
electric discharge is caused to happen in a treatment liquid 
to melt the target metal near its surface and a part of the 

10 electrode and form on the surf ace of the target metal a rapidly 
cooled and solidified electric-discharge-machined alloy 
layer 7 from an element/elements constituting the target 
metal and an element /element s constituting the electrode. 
When electric discharge is carried out in a treatment liquid 

15 which contains an oil or water, using a steel-, a stainless 
steel, inconel, or the like as the target metal and the 
foregoing substance as the electrode material, concurrently 
with the removal of the original surface, a "rapidly cooled 
and solidified electric-discharge-machined alloy layer 7 

20 is formed on the surface from a component/components of the 
processed metal, such as Fe , Cr, Ni , and C, and a 
component /components of the electrode, such as B, Si, and 
C, which restrain diffusion of atoms. An amorphous layer 
forms when the cooling rate is relatively high due to 

25 compositions and controls of the electric discharge energy. 



14 




When the alloy layer has an amorphous structure with a stable 
surface oxide film, the treated part of the surface has 
greatly improved corrosion resistance . Even when the alloy 
layer is not amorphous, the treated part of the surface of 
5 which a surface oxide film formed in a corrosive environment 
has a rapidly cooled, stable, fine crystalline structure 
comes to exhibit greatly improved corrosion resistance when 
compared to non-treated material. When the alloy layer has 
a sufficient mechanical strength too, the treated part of 

10 the surface exhibits improved stress-corrosion-cracking 
resistance also. When the alloy layer has a sufficiently 
rigid amorphous structure or despite the lack of amorphous 
structure, has either a rapidly cooled, sufficiently strong, 
fine crystalline structure or a rapidly cooled structure 

15 in which ceramics grains are dispersed, the treated part 
of the surface exhibits remarkably improved abrasion 
resistance in comparison with non-treated material. 
[ 0022 ] If the electric-discharge -machined alloy layer 7 thus 
formed by electric discharge machining adheres 

20 insufficiently to the processed target metal 2 or if the 
electric-discharge-machined alloy layer 7 has developed 
cracks or other defects on the surface, energy 9 in the form 
of, for example, a laser beam, an electron beam, or a TIG 
arc, is projected when the electric-discharge-machined 

25 alloy layer 7 is formed, so that the 
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electric-discharge-machined alloy layer 7 and the processed 
target metal 2 will be partly melted again to obliterate 
those defects and also to form a twice-melted surface alloy 
layer io which will adhere fast to the processed target metal 
5 2. The layer is formed by rapid self-cooling and 
solidification, and therefore boasts superior adhesion; in 
addition, the aforementioned amorphous layer or a uniform, 
fine crystalline layer can form again. The part in which 
the twice-melted surface alloy layer 10 has now formed has 
10 improved corrosion resistance and 

stres s -corrosion- cracking resistance . 

[0023] The invention improves corrosion resistance and 
stress-corrosion-cracking resistance of parts of a neutron 
flux measuring housing, a shroud, a shroud support, an upper 

15 gridplate, a reactor core support plate surf ace, and a welded 
part, which are structural bodies in a light water reactor, 
of which parts the corrosion resistance and 
stress -corrosion-cracking resistance have deteriorated, 
and hence extends the life time of the light water plant, 

20 by performing, in a treatment liquid which is either an oil 
or water, electric discharge machining, on those parts so 
as to simultaneously remove the original surface which has 
developed a surface oxide film thereon and form the 
electric-discharge-machined alloy layer 7 or the 

25 twice-melted surface alloy layer 10 both having high 



corrosion resistance. Further, since boiling-water-type 
light water reactor plants operate at about 288 ^C, the 
structure does not change as much as to affect corrosion 
resistance and abrasion resistance upon the crystallization 
5 of the amorphous layer, the aged changes of the rapidly cooled, 
fine crystalline structure, for example; therefore, the 
structural bodies in the light water reactor show greatly 
improved characteristics, which is greatly effective in 
preventing the deterioration of the corrosion resistance 
10 and stress-corrosion-cracking resistance of the light water 
reactor plant over time. 
[0024] 
[Example] 

(Example 1) Fig. 1 is a cross-sectional view of a device 
15 which forms an electric-discharge-machined alloyed layer 
7 having high corrosion resistance by electric discharge 
machining whereby an electric discharge process is caused 
to happen, between an electrode 1 and a target metal 2 in 
a treatment liquid 3 containing oil . In the present example, 
20 electric discharge machining was performed using a SUS 304 
stainless steel as the target metal 2 and a Cr electrode 
as the electrode 1/ as a result, a uniform, about 5 |am thicJc 
electric-discharge-machined alloy layer 7 was formed, and 
extremely good corrosion resistance was achieved. 
25 Similarly, electric discharge machining was performed using 
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a SUS 304 stainless steel as the target metal 2 and a Ti 
electrode as the electrode 1, and a resultant 
electric-discharge-machined alloy layer 7 had a thickness 
of about 5 ixm, and extremely good corrosion resistance was 
5 achieved as in the case of the Cr electrode. Conditions 
in the electric discharge machining were electrode polarity, 
current, pulse time, interval, and machining time , and these 
parameters were set as shown in Table 1* 
[0025] 
10 [Table- 1] 



Electrode . 


Cr 


Ti 


Electrode 
Polarity 






Current 


lOA 


lOA 


Pulse Width 


2|LiS 


2(xs 


Interval 


16|as 


16|J,s 


Machining Time 


10-30min 



[0026] (Example 2) Fig, 2 is a schematic drawing showing 
those surface parts including the 

electric-discharge-machined alloy layer 7 formed by 

15 electric discharge machining that are irradiated with energy 
9 in the form of, for example, a laser beam, an electron 
beam, a TIG so as to again melt parts of the 
electric-discharge-machined layer 7 and the target metal 
2 which are then rapidly self-cooled and solidified to form 

20 a twice-melted surface alloy layer 10. If the 

electric-discharge-machined alloy layer 7 adheres 



insufficiently to the processed target metal 2 or if the 
electric-discharge-machined alloy layer 7 has developed 
cracks or other defects on the surface, a process torch 8 
is used to project energy 9 in the form of, for example, 
5 a laser beam, an electron beam, or a TIG arc so that the 
electric-discharge-machined alloy layer 7 and the processed 
target metal 2 will be partly melted again to obliterate 
those defects and also to form a twice-melted surface alloy 
layer 10 which will adhere to the processed target metal 

10 2. The layer is formed by rapid self-cooling and 
solidification, and therefore boasts as good corrosion 
resistance and stress-corrosion-cracking resistance as the 
electric-discharge-machined alloy layer 7 . 
[0027] (Example 3) Fig. 3 is a schematic drawing showing, 

15 as an application example of ,the invention, electric 
discharge machining being performed on an actual device for 
the purpose of improving the corrosion resistance or the 
stress-cqrrosion-cracking resistance of an inner face of 
a cylindrical structural body, such as a n.eutron measuring 

20 housing in a light water reactor. When the target metal 
2 which is a cylindrical structural body is welded to another 
structural body 14, for example, a high pressure container, 
if a cylindrical inner face which is in contact with a 
corrosive environment, such as the water in the reactor, 

25 becomes sensitive due to adverse thermal effects of a welded 
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part 15, the stress corrosion cracking characteristics of 
the target metal 2 deteriorate . On the surface of the device 
component, an electric-discharge-machined alloy layer 7 can 
be formed by the electric discharge machining process 
5 described in example 1. While an electric discharge 
machining cell 11 attached to a rotation driver systemmember 
12 held on a tip of a vertical driver system rod 13 is being 
moved by the driving in vertical and rotational directions, 
the electric discharge machining is repeated so that an 

10 electric-discharge-machined alloy layer 7 is formed on this 
deteriorated surface of the device component . The electric 
discharge machining cell 11 is provided with the electrode 
1 described in example 1. While separating this electrode 
1 at a suitable distance from the target metal 2 which is 

15 a cylindrical inner face, electric discharge machining is 
carried out in water in the reactor as the treatment liquid 
3. Thus, the surface of deteriorated parts of the 
cylindrical inner face is reformed into the 
electric-discharge-machined alloy layer 7 with good 

20 . corrosion resistance or stress-corrosion-cracking 
resistance described in example 1. 

[0028] (Example 4) Fig. 4 is a schematic drawing showing, 
as an application example of the invention, electric 
discharge machining being performed on an actual device for 
25 the purpose of improving the corrosion resistance or the 




stress-corrosion-cracking resistance of a non-cylindrical 
structural body, such as a shroud in a light water reactor. 
If the structural body which is in contact with a corrosive 
environment, such as water in the reactor, becomes sensitive 
5 due to adverse thermal effects of the welded part 15 of the 
target metal 2 which is a non-cylindrical structural body, 
* the stress corrosion cracking characteristics of such a part 
deteriorate. On the surface of the part, the 

electric-discharge-machined alloy layer 7 is formed by the 

10 electric discharge machining described in example 1 . While 
an electric discharge machining cell 11 attached to the tip 
of a robot arm 16 is moved by the robot art 16, the electric 
discharge machining is carried out repeatedly to form the 
electric-discharge-machined alloy layer 7 on the surface 

15 of deteriorated parts. The electric discharge machining 
cell 11 is provided with the electrode 1 described in example 
1. While keeping this electrode 1 at a suitable distance 
from the target metal 2, electric discharge machining is 
carried out in water in the reactor as the treatment liquid 

20 3. Thus, the surf ace of deterioratedparts of the structural 
body is reformed into the electric-discharge-machined alloy 
layer 7 with good corrosion resistance or 
tress-corrosion-cracking resistance described in the first 
embodiment . 

25 [0029] In examples 3 and 4, if the 
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eiectric-discharge-machined layer 7 adhere insufficiently 
to the target metal 2 or if the electric-discharge-machined 
alloy layer 7 has developed cracks or other defects on the 
surface, as shown in example 2, energy 9 in the form of, 
5 for example, a laser beam, an electron beam, or a TIG arc 
is projected so that the electric-discharge-machined alloy 
layer 7 and the target metal 2 will be partly melted again 
to obliterate those defects and also to form a twice-melted 
surface alloy layer 10 which will adhere to the target metal 

10 2. The layer is formed by rapid self-cooling and 
solidification, and therefore boasts as good corrosion 
resistance and stress-corrosion-cracking resistance as the 
electric-discharge-machined alloy layer 7. 
[0030] (Example 5) Similarly to example 1, the target metal 

15 2 and the electrode 1 made of TiB2,.sialon containing TiN, 
or a conductive ceramics, such as SiC, are arranged to keep 
suitable the distance between the electrode 1 and the target 
metal 2 , and sub j ected to electric discharge machining under 
conditions shown in Table 2. The electrode 1 partly melts 

20 due to the energy of the electric discharge 5 to form melted 
alloy particles 6 which blend into the surface part of the 
target metal 2 which has also melted due to the energy from 
the electric discharge 5, After suspending the electric 
discharge, the eiectric-discharge-machined alloy layer 7 

25 made of an element constituting the metal and an element 
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constituting the electrode is formed on the surface part 
of the target metal 2. 
[0031] 
[Table 2] 



Electrode 


Sialon 


TiB2 


Electrode 
Polarity 






Current 


lOA 


lOA 


Pulse Width 


2|as 




Interval 


16^s 


16|as 


Machining Time 


lO-aOmin 



5 

[0032] If the electric-discharge-machined alloy layer 7 has 
a surface oxide film having a stable amorphous structure, 
the treated part of the surface has greatly improved acid 
resistance and corrosion resistance. If the alloy layer 

10 7 has sufficient mechanical strength too, the 
stress-corrosion-cracking resistance also improves. Even 
when the alloy layer 7 does not show an amorphous structure, 
if the surface oxide film has a stable rapidly cooled, fine 
crystalline structure or a rapidly cooled structure in which 

15 ceramics grains are dispersed, the treated part of the 
surface has greatly improved acid resistance and corrosion 
resistance in comparison to non-treated material. If the 
alloy layer 7 has sufficient mechanical strength too, the 
stress-corrosion-cracking resistance also improves. An 

20 SEM photograph of a' cross-section of the 
electric-discharge-machined alloy layer 7 formed by the 



23 



electric discharge machining using a sialon electrode, taken 
after a corrosion test, showed that an 
electric-discharge-machined alloy layer 7 having a uniform 
thickness of about 5 |am was formed on the surface of the 
5 target metal 2 and also that dipping in aqua regia for 30 
minutes did not cause any corrosion damage at all. Another 
SEM photograph of a cross-section of the 
electric-discharge-machined alloy layer 7 formed by the 
electric discharge machining using a TiB2 electrode, taken 

10 after a corrosion test, showed that an 

electric-discharge -machined alloy layer 7 having a similar, 
uniform thickness was formed on the surface of the target 
metal 2 and also that dipping in aqua regia for 30 minutes 
did not cause any corrosion damage at all. 

15 [0033] (Example 6) Similarly to the case shown in Fig. 2, 
if the electric-discharge-machined alloy layer 7 adheres 
insufficiently to the target metal 2 or if the 
electric-discharge-machined alloy layer 7 has developed 
cracks or other defects on the surface, a process torch 8 

20 is used to project energy 9 in the form of, for example, 
a laser beam, an electron beam, or a TIG arc onto the 
electric-discharge-machined alloy layer 7 formed by the 
electric discharge machining using a ceramics electrode oh 
the surface of the target metal 2 so that the 

25 electric-discharge-machined alloy layer 7 and the processed 



target metal 2 will be partly melted again to obliterate 
those defects and also to form a rapidly self-cooled and 
solidified, twice-melted surface alloy layer 10 . The layer 
10 is formed by rapid self-cooling and solidification, and 
5 therefore the aforementioned amorphous layer or uniform, 
fine crystalline layer can be formed again. ' 
[0034] (Example 7) An electric-discharge-machined alloy 
layer 7 was formed using a conductive ceramics electrode 
as an application example of the invention shown in Fig. 

10 3, for the purpose of improving the corrosion resistance 
or the St res 3 -corrosion- cracking resistance of an inner face 
of a cylindrical structural body, such as a neutron flux 
measuring housing, in a light water reactor . When the target 
metal 2 which is a cylindrical structural body is welded 

15 to another structural body 14, such as a high pressure 
container, if a cylindrical inner face which is in contact 
with a corrosive environment, such as the water in the reactor, 
becomes sensitive due to adverse thermal effects of the 
welded part 15, the stress corrosion cracking 

20 characteristics of the member deteriorate. On the surface 
of such device components, the electric discharge machining 
can form an electric-discharge-machined alloy layer 7 having 
an amorphous structure, fine crystallinity, or • rapidly 
cooled structure in which ceramics grains are dispersed as 

25 described in example 5. While driving the electric 



25 



discharge machining cell 11 in both vertical and rotational 
directions, the electric discharge machining is repeated 
so as to form an electric-discharge-machined alloy layer 
7 on the surface of deteriorated device components- Hence, 
5 the surface of deteriorated areas of the cylindrical inner 
face is reformed into an electric-discharge-machined alloy 
layer 7 having an amorphous structure, fine crystalline 
structure, or rapidly cooled structure in which ceramics 
grains are dispersed and exhibiting good corrosion 
10 resistance or stress-corrosion-cracking resistance as 
described in example 5. 

[0035] Machining similar to the foregoing cases is also 
effective in forming electric-discharge-machined alloy 
layer 7 having an amorphous structure, fine crystalline 

15 structure, or rapidly cooled structure in which ceramics 
grains are dispersed and exhibiting good abrasion resistance 
on the surface of structural bodies deteriorated in abrasion 
resistance due to the deterioration of the plant over time. 
[0036] Boiling-water-type light water reactor plant operate 

20 at about 288 °C, the structure does not change as much as 
to affect corrosion resistance, stress-corrosion-cracking 
resistance, and abrasion resistance upon the 
crystallization of the amorphous layer, the aged changes 
of the rapidly cooled, fine crystalline structure, for 

25 example; therefore, the structural bodies in the reactor 



m 

show greatly improved characteristics, which is greatly 
effective in preventing the deterioration of the light water 

reactor plant over time. 

[0037] (Example 8) An application example of the invention 
5 shown in Fig. 4 is now presented which aims to improve the 
corrosion resistance or the stress-corrosion-cracking 
resistance of the surface of non-cylindrical structural 
bodies, such as a shroud, a shroud support, an upper grid 
plate, and a reactor core support plate, in a light water 

10 reactor by way of the method of example 5. If a structural 
body which is in contact with a corrosive environment, such 
as water in the reactor, becomes sensitive due to adverse 
thermal effects of the welded part 15 of the target metal 
2 which is a non-cylindrical structural body or if the 

15 structural body deteriorates in stress corrosion cracking 
characteristics due to adverse effects of neutron 
irradiation, the electric discharge machining described in 
example 5 can form an electric-discharge-machined alloy 
layer 7 having an amorphous structure, fine crystalline 

20 structure, a rapidly cooled structure in which ceramics 
grains are dispersed on the surface of such device components - 
While an electric discharge machining cell 11 attached to 
the tip of a robot arm 16 is moved by the robot arm 16, the 
electric discharge machining is repeated to form the 

25 electric-discharge-machined alloy layer 7 on the surface 




of the device components. Hence, the surface of the 
deteriorated areas of the structural body is reformed into 
an electric-discharge-machined alloy layer 7 having an 
amorphous structure, fine crystalline structure, or rapidly 
5 cooled structure in which ceramics grains are dispersed which 
exhibit good corrosion resistance or 

stress-corrosion-cracking resistance described in example 
5. 

[0038] Further, similar machining as in the foregoing cases 
10 can form an electric-discharge-machined alloy layer 7 having 
an amorphous structure, fine crystalline structure, or 
rapidly cooled structure in which ceramics grains are 
dispersed exhibiting good abrasion resistance on the surface, 
of the structural body, which has deteriorated in abrasion 
15 resistance due to changes of the plant over time. 
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